Injection locked CW Magnetron
RF Power Source
for
Project X



Schematic of Vector Summation of Injection Locked Magnetrons
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GET 2024 and GET 3000

Ferrite’s New Line of Generators
Provide the Longest Magnetron
Life in the Industry.

75 KW@S1/watt




Motivation for this technique is cost savings

650 MHz

Solid state 50 kW S7/watt
IOT 50 kW S5/watt

Magnetrons 50 kW $2-S3/watt
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TECHNICAL ABSTRACT
Statement of the problem or situation that 1s being addressed - typically, one to three sentences.

State of the art high intensity proton accelerators require the development of an affordable cost,
reliable RF sources with phase stability of less than 1 degree and amplitude control of +/- 15%
(for identical cavities; in real situation the range can be wider). These power sources feed
superconducting RF cavities for linacs capable of accelerating protons and ions up to several
GeV.

General statement of how this problem 1s being addressed. This 1s the overall objective of the combined Phase I and Phase II projects

A two-stage frequency-locked magnetron RF source will be developed to feed individual
superconducting cavities. The 30-40 db gain of the system will be obtained by cascade operation
of the magnetron stages controlled by slowly-varying phase generated by a Low Level RF
(LLRF) system to damp electronically instabilities caused by microphonics.
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Il Agilent Spectrum Analyzer. - Swept SA
( ! 50 Q ‘ ‘ AC | SENSE:INT| ! ALIGN AUTO 02:35:07 PM Aug
Center Freq 2.452756443 GHz ) Avg Type: Log-Pwr
Input: RF PNO: Far ) Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 6 dB

Mkr1 2.452 120 GHz Auto Tune
[Gapiny Ref:2382dBm | | | -30.641 dBm

CenterFreq
2.452756443 GHz

StartFreq
2.449942268 GHz

Stop Freq
2.455570618 GHz

CF Step
562.835 kHz
|{Auto Man

Freq Offset
0 Hz

Center 2.4 GHz | | | pan 5.628 MHz
Res BW 51 kHz VBW 510 kHz Sweep 6.33 ms (1001 pts)

MSG STATUS

Spectrum of unlocked magnetron
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Magnetron power supply ripple, 60 Hz and 43 kHz




T; -Agilent VXA Vector Signai Analyzer - Analog Demod @

: | 500 | » [ ac | SENSE:NT] 1 ALIGN AUTO
ResBW 600.00 Hz _ Avg|Off TRACE Export Data
Input: RF G5S) Trig: Free Run
Range: 20.00 dBm Trace

Trace 1p
with headers

Ch1 FM Spectrum Mkr1 43 437.50 Hz
10 dBidiv Ref 115.94 dBHzrms _ _ 113.800 dBHzrmS

i |
|
|

WioWND I||||--;'|||I|‘ [
e L]

Center 500 kHz

Span 1 MHz
Res BW 600 Hz

TimeLen 6.365625 ms

STATUS

Spectrum of power supply noise



ey to switch applications
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Vector Signal Analyzer real time spectrum unlocked magnetron




I Agilent Spectrum Analyzer - Swept SA
‘ | SENSE:INT|

( S50 @ | BG ]
Span 5.00000000 MHz .
Input: RF  PNO: Far (0 119:FreeRun
IFGain:Low Atten: 6 dB

| ALIGNAUTO  [12:49:46P
Avg Type: Log-Pwr

AV a - XR4sFd| 500000000 MHz
EgéiBJ’div Ref -30.00 dBm -17.17 dB

Center 2.454978 GHz Span 5.000 MHz |F5S
Res BW 47 kHz VBW 47 kHz Sweep 2.73 ms (1001 pts)

MSG STATUS

Harmonics with 3 watts injection drive, 1.14 kW mag out,
847 watts at out put 5 MHz span, 350 mA magnetron current




Il Agilent Spectrum Analyzer, - Swept SA
[ | SENSE:INT|
PNO: Far () Trig: Free Run

Input: RF
IFGain:Low Atten: 6 dB

| ALIGN AUTO
Avg Type: Log-Pwr

0 dBidiv  Ref -30.00 dBm

AMKr1 43 kHz
-7.00 dB

1
Log

Center 2.454978 GHz
Res BW 47 kHz

MSG

VBW 47 kHz

Span 5.000 MHz
Sweep 2.73 ms (1001 pts)

STATUS

EEX

TracelDet

Select Trace’
Trace5

Clear Write

Trace Average

View/Blank <
View

Wide spectra with 3,6,10,15,20 watts injection drive, 1.14 kW mag out,
847 watts at out put traces 1-5, 350 mA magnetron current




EEX

Il Agilent Spectrum Analyzer - Swept SA
‘ AC SENSE:INT ; ALIGN AUTO 12:58:25PM Sep 05, 2013
Avg Type: Log-Pwr 2 Trace/Det
PNO: Far () Trig: Free Run ANARAVARARA
stten e Select Trace
AMKr1 43.0 kHz Trace 6
-958.63 dB

SOICER \

Span 500.000000 kHz

Input: RF
IFGain:Low

10 dBidiv  Ref -30.00 dBm
Log
‘ Clear Write

Trace Average

View/Blank <
View

Span 500.0 kHz

Center 2.4549783 GHz
Res BW 4.7 kHz VBW 4.7 kHz Sweep 27.3 ms (1001 pts)
STATUS

MSG

Harmonics with 1,3,6,10.15.20 watts injection drive, 1.14 kW mag out,

847 watts at out put, 350 mA magnetron current
Trace 6 is one watt, traces 1-5 are 3-20 watts




Il Agilent Spectrum Analyzer, - Swept SA X
( AC ] ALIGN AUTO
Marker 1 A 60.000 Hz Avg Type: Log-Pwr

Input: RF  PNO: Close () 11ig:Free Run _ _
IFGain:Auto Atten: 6 dB File

AMKr1 60 Hz Explorer...

10 dBidiv Ref -10.00 dBm -43.58 dB
og

Page Setup...

M\QJ\/W/ Sy

Center 2.454978256 GHz Span 1.000 kHz
Res BW 9.1 Hz VBW 9.1 Hz Sweep (FFT) ~200 ms (1001 pts)

60 Hz Harmonics with 15 watts injection drive, 1.14 kW mag out,
847 watts at out put, 350 mA magnetron current




L | 50 Q | AC | ALIGN AUTO 08:59:36 AM Sep 11, 2013

Marker 2.45478000000 GHz Avg Type: Log-Pwr

Select Marker

. : . Trig:FreeRun
Shine IFPGNa(i)n:FL?)rw ™ Atten:6 dB N
Mkrd 2.454 978 0 GHz LT
10 jidei-..e Ref -20.00 dBm -39.08 dBm ———
(o] ¢
-40.0 -- Marker 2
50.0
s
b0 --
70.0 - Marker 3
-ol.0 A
|
il
Wk W d '-"‘-:["I- LML AN ey e ol PO l":" \1 i1/~ A .7
Center 2.4549780 GHz Span 200.0 kHz
#Res BW 1.0 kHz Sweep 763 ms (1001 pts) Marker 5
MKR MODE TRCH SCL X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE
I
]
]
]
I
] I
] I
] I
] ]
] ]
] ]
| |

yellow Harmonics with 25 watts injection drive, 1.14 kW mag out,
blue magnetron off, TWT feed through, injection gain 15 dB



Next Steps:

Clean up power supply ripple with a filter
Characterize RF performance
Turn over to the LLRF group for vector control

Have vector modulation results by Spring of 2014



